Objective: To develop equations, from some simple anthropometric measurements, for the prediction of body density from underwater weighing in male spanish children and adolescents. Subjects: One hundred and seventy-®ve males, aged 7.0±16.9 y, participated in this study, they were recruited from primary and secondary schools. Measurements: Body weight and height and skinfold thicknesses by anthropometry, body density by underwater weighing. Results: Correlations between body density and body mass index (BMI) were high until 14.0±16.9 y. Correlations between body density and log S 4 skinfolds were higher than those with BMI at all ages. Log S 4 skinfolds explained between 61% (14.0±16.9 y) and 68% (11.0±13.9 y) of the body density variance. Regression equations for body density from BMI and triceps skinfold thickness explained between 51% (14.0±16.9 y) and 68% (7.0±10.9 y) of the body density variance. Conclusions: The best estimators of body density in the children and adolescents studied were log S 4 skinfolds and a combination of BMI and triceps skinfold.
Introduction
Many techniques have been developed to assess body composition in humans. The gold standard for measuring body composition in a two-compartment model has been underwater weighing (UWW), which measures body density from which fat and lean mass content are estimated by assuming standard ®gures for density of these components (Siri, 1961) . Other robust methods include the total-body potassium method, measuring intracellular¯uid by detecting the natural radioactive 40 K isotope (Boddy et al, 1972) , and measurement of total body water by dilution of a deuterium-labeled water dose (Schoeller et al, 1980) . More complicated multicompartment models of body composition that include bone mass are under development (Harsha & Bray, 1996) . In a multicomponent approach, dual energy X-ray absorptiometry also offers precise estimates of body composition by providing a measure of total body bone mineral, or by itself to yield estimates of bone mineral, lean tissue, and fat mass (Lohman, 1996) . For routine clinical and epidemiologic use, simpler and cheaper anthropometric measurements have been used to predict body composition in relation to body density by UWW.
In children, there has been a resurgence of interest in body composition as a result of increased awareness of its importance (Davies, 1994) and the proliferation of new measurement techniques (Harsha & Bray, 1996) . An easy method of assessing the percentage of body fat in children would be measurement of the subcutaneous fat layer, namely skinfold thickness; however, due to a changing subcutaneous adipose tissue distribution during maturation, the relation between skinfold thicknesses and body density (and, hence, total body fat) could be strongly dependent on biological age, which could hamper the assessment of percentage body fat by skinfold thicknesses. Despite that some equations exist for the estimation of body fatness from skinfold thickness in children (Slaughter et al, 1988; Johnston et al, 1988; Brook, 1971; Deurenberg et al, 1990) some authors and groups tend to use body mass index as an indicator of adiposity (Rolland-Cachera et al, 1982) . Concerning equations for the estimation of body fatness from skinfold thickness, there is evidence that some skinfold equations are highly population speci®c (Frerichs et al, 1979; Boileau et al, 1981) . To the best of our knowledge there are no equations developed in southern Europe countries.
This present study was designed to develop regression equations from some simple anthropometric measurements, by age, to obtain the best ones for the prediction of body density from UWW in male spanish children and adolescents.
Subjects and method

Subjects
A total of 175 males, aged 7.0±16.9 y, participated in this study, they were recruited from primary and secondary schools. The aim of the study and the kind of measurements were explained to the participants and their parents, who gave their written informed consent.
Anthropometric method
All the measurements were performed by a well trained anthropometrist. Body weight was measured to 0.05 kg in swimming clothes, using a standard beam balance. Height was measured to the nearest 1 mm using a Harpenden stadiometer. With these measurements we have calculated body mass index (BMI): weight/height 2 (kg/m 2 ). Skinfold thicknesses were measured in triplicate at the left side of the body to the nearest 0.1 mm with a Holtain skinfold caliper, at the following sites: (1) triceps, halfway between the acromion process and the olecranon process; (2) biceps, at the same level as the triceps skinfold, directly above the centre of the cubital fossa; (3) subscapular, about 20 mm below the tip of the scapula, at an angle of 45 to the lateral side of the body; and (4) suprailiac, about 20 mm above the iliac crest, in the axillary line (Sarrõ Âa, 1992; Sarrõ Âa et al, 1994) , the mean of the triplicate measures was used in the analysis.
Measurement of body density
Body density was measured by means of underwater weighing to the nearest 0.05 kg. The water tank was ®lled up three quarters of its capacity with water at a temperature oscillating between 34 C and 37 C. After introducing a stretcher into the tank, the individual was introduced, giving him the necessary time for adaptation. Subjects were placed lying over the stretcher with the nasal fossae plugged with tweezers and breathing through a respirator tube. The stretcher was hung on the balance and the patient made a forced expiration and so he was completely submerged. At this moment the determination of weight was carried out (Garcõ Âa-Llop et al, 1990a; Garcõ Âa-Llop et al, 1990b) . UWW was measured 10 times and the mean values of the three highest results were used as the ®nal underwater weight (Garcõ Âa-Llop, 1989) .
As recommended in children and adolescents (Polgar & Weng, 1979) , residual lung volume was calculated with the Weng and Levison's formula (Weng & Levison, 1969) :
Conversion of measured density to body fatness Measured density was converted to an estimate of body fat (%) using the Weststrate and Deurenberg's equation (Weststrate & Deurenberg, 1989) :
Statistical analysis
Subjects were divided into three age groups: (a) 7.0±10.9 y (n 36); (b) 11.0±13.9 y (n 81); and (c) 14.0±16.9 y (n 58). To correct for a skewed distribution of the measured values, the S 4 skinfolds were transformed (log10) for statistical analysis. Simple linear regression and stepwise multiple regression analysis were performed using the SPSS program. Values are expressed as means with standard deviation; skinfold thicknesses are presented as median with interquartile range (Q3-Q1) because of nongaussian distribution.
Cross-validation has been performed by the jackknife method: subjects were placed randomly into ten groups of equal size, and the data obtained were used to calculate the pure error (Guo & Chumlea, 1996) . The pure error, which is used to measure the performance of a predictive equation on cross-validation, is calculated as the square root of the sum of squared differences between the observed and the predicted value divided by the number of subjects in the cross-validation sample. Pure error was calculated for our equations and the equation of Brook (1971) . Table 1 shows some of the physical characteristics of the studied sample, divided into three age groups. In general, at each age level subjects present higher body weights and heights, higher body densities, and lower percentage body fat. Table 2 gives the Pearson's correlation coef®cients for body density with some anthropometric measurements in the three groups of the studied children. Correlations with BMI were high until 14.0±16.9 y. Correlations with log S 4 skinfolds were higher than those with BMI at all ages.
Results
In Table 3 , the regression equations with explained variance (R 2 ) and standard error of estimate (SEE) of body density as the dependent variable and log S 4 skinfolds as independent variable are given in the three age subgroups. Log S 4 skinfolds explained between 61% (14.0± 16.9 y) and 68% (11.0±13.9 y) of the body density variance. 
Skinfold thickness and body fat A Sarrõ Âa et al
In Table 4 the multiple regression equations for body density from BMI and triceps skinfold thickness are given for the three age groups. These regression models explained between 51% (14.0±16.9 y) and 68% (7.0±10.9 y) of the body density variance.
Pure errors with our equations were 0.0053, 0.0078 and 0.0087 for the three age groups, respectively. With the equation of Brook (1971) , pure errors were 0.0078, 0.0084 and 0.0188 for the three age groups, respectively.
Discussion
Underwater weighing has been the gold standard for the measurement of body composition in humans. With this method we have observed that, in children and adolescents, body density increases with age and body fat (%) decreases also with age. Similar ®ndings have been observed by Deurenberg et al (1990) in subjects with similar ages. These ®ndings point in the sense that we must use prediction equations speci®c for each age group, like it has been done in our study.
It should be noted that densitometry is a time-consuming method requiring considerable equipment that is usually only available in specialized laboratories. This means that densitometry is not a suitable technique for assessing body composition routinely in large groups of people. That is the reason why a certain number of equations have been developed for the prediction of body density from simple anthropometric measurements. The most widely known, use skinfold thicknesses as independent variables (Deurenberg et al, 1990; Durnin & Rahaman, 1967; Slaughter et al, 1988; Johnston et al, 1988; Brook, 1971) .
In adults, McNeill et al (1991) observed the skinfold thickness method to be as good as bioelectrical impedance and body water dilution, and better than 40 K-counting methods in relation to UWW in lean and overweight groups of women. In children, Deurenberg et al (1989) published a study in which prediction formulas for the body composition from body impedance were presented; in prepubertal boys and girls percentage body fat could be predicted with an error of about 4.2% which is comparable to the prediction error for the assessment of the percentage body fat from skinfold thickness (Deurenberg et al, 1990) .
The error in the prediction of the body density from skinfolds in our population (SEE 0.0068±0.0069) was comparable to the error found by other authors in several populations (Deurenberg et al, 1990; Slaughter et al, 1988; Durnin & Womersley, 1974) . The correlation of density with body mass index was lower than the correlation of density with log S 4 skinfolds; this means that in children body mass index is less suitable as a predictor of body fat than skinfold thicknesses. However if we take into account BMI and triceps skinfold, correlation is very similar to that obtained with log S 4 skinfolds, that is the reason why we present equations of BMI triceps skinfold.
Concerning cross-validation, we have calculated the pure error taking into account our own equations and the equations of Brook (1971) , that is the equation that seems to predict fatness with negligible bias in boys (Reilly et al, 1995) . In general, the smaller the pure error, the greater the accuracy of the equation. A criterion value for the pure error that would denote successful cross-validation has not been set. With our equations we have observed pure errors that were lower than those obtained with the equation of Brook (1971) in the three age groups, and pure error increased with age.
Obesity is a situation of excess fat accumulation in the body and a diagnosis of obesity should ideally be based on an accurate direct or indirect measure of the total body fat mass. Skinfold thickness measurements and total body density are indirect measures of the total body fat mass. However, even if total body fat mass or total body fat percentage is known, the de®nition of obesity is to some extent arbitrary, that is, a body fat percentage exceeding 25%, 30%, or 35%, but estimates of body fat percentage may be used as a basis for a more consistent diagnosis of obesity. In the absence of clear cutoff points for an undesirable high body fat percentage in children, obesity may be de®ned as a body fat percentage b 25% (for pubertal boys), b30% (for prepubertal children), or b35% (for pubertal girls) (Weststrate & Deurenberg, 1989) . In extremely fat children, as in extremely fat adults, skinfold thicknesses cannot be accurately measured. In these cases, generally corresponding to a sum of skinfold thicknesses exceeding 120±140 mm, skinfold thicknesses Skinfold thickness and body fat A Sarrõ Âa et al cannot be used to estimate body fat percentages. The simplicity of skinfold thickness is attractive and, as the method can be reasonably precise, improvements could be made in the methodology. These are likely to require derivation of predictive relationships on large samples of children with external cross validation (Guo & Chumlea, 1996) .
Conclusions
From our results, we can conclude that the best estimators of body density were log S 4 skinfolds and a combination of BMI and triceps skinfold. These measurements would be also important to assess the pattern of adipose tissue distribution in children and adolescents (Moreno et al, 1997) .
